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(54) Multilayer film 

(57) A flexible multilayer film suitable as a (food- 
packaging material includes a first seal layer compris- 
ing principally a metallocene-catalyzed polyolefin, and a 
second seal layer comprising a copolymer of at least 
one oxygen-containing monomer and ethylene. The 
copolymer is set to have a crystal melting point lower 
than that of the metallocene-catalyzed polyolefin. The 
second seal layer may preferably have a thickness 
larger than that of the first seal layer. Because of the 
provision of the second seal layer adjacent to the first 
seal layer, the multilayer film is provided with an 
improved fiim-formability while retaining the good seala- 
bility of the metallocene-catalyzed polyolefin. 
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Description 

HELD OF THE INVENTION AND RELATED ART 



The present invention relates to a multilayer film including a seal structure comprising a seal layer and a second 
seal layer, more specifically a multilayer film including a seal layer comprising principally a polyolefin produced by 
polymerization in the presence of a metallocene catalyst (hereinafter termed a "metallocene-catalyzed polyolefhr) 
which is excellent in film-fbrmability. sealabiTrty and f lextoility. 

A metallocene-catalyzed polyolefin is generally excellent in sealability. hot tack and transparency but is liable to be 
accompanied with poor fflm-formability or film-processability. Moreover, while depending on the shape or form of a 
package, a flexible multilayer f Om formed therefrom is liable to have insufficient sealability. film strength and heat resist- 



ance 



Several packaging materials using metallocene-catalyzed pdyolefins have been proposed. For example Japanese 
Laid-Open Patent Application (JP-A) 6-8383 (Bekefe) discloses a cook-in film having an improved seal strength, includ- 
ing: a seal layer comprising a polyamide blend, and a core layer and an outer layer each comprising a metallocene-cat- 
alyzed ethylene-butene copolymer, of which at least the seal layer is crosslinked. JP-A 7-1680 (Bekele) discloses a 
multilayer film showing a low oxygen permeability. including at least one oxygen-banier layer comprising a Wend of a 
terpolymer of monomers selected from ethylene, an acrylic acid ester, maleic acid and glyeidyl methacrylate and an 
ethylene-vinyl alcohol copolymer, and also a surface layer comprising a Wend of metallocene-catalyzed polyolefin on a 
non-sealing side JP-A 59-143639 (Oval) discloses a six-layered shrinkable film including a first layer (seal layer) of 
eg., propylene-ethylene random copolymer or ionomer resin having a higher softening point than a second layer (shrink 
layer) which has a thickness large enough to govern a shrinking temperature of the entire multilayer f Om by the shrinking 
temperature of the second layer and comprises, e.g ; . ethylene-vinyl acetate copolymer or linear low-density polyethyl- 
ene of identical thickness, a third layer (adhesive layer) of modified polyethylene, a fourth layer (gas impermeaWe layer) 
of hydrolyzed ethylene-vinyl acetate copolymer, a fifth layer (adhesive layer) and a sixth layer (abrasion-resistant layer) 
JP-A 6-21 0810 (Lamesh) discloses a back-seamaWe multilayer film, which is a heat-shrinkaWe multilayer film including 
a heat-sealing layer comprising a Wend of at least ca. .50 wt. % of a propylene-based copolymer and a homogeneous 
ethylene-a-olefm copolymer having a density of below ca. 0.90 g/cc. JP-A 6-320685 (Ohmori et aQ discloses a polyole- 
fm-based multilayer film having a gas-banier layer, and polyolefin resin layers including innermost and outermost layers 
each comprising an ethylene-type copolymer having a molecular weight dispereion factor (weight-averagemumber- 
average molecular weight ratio) of below 3 and an intermediate layer of ethylene-methacrylic acid copolymer The mul- 
tilayer film may be irradiated with electron rays from the surface layer. JP-A 6-166157 (Yoshii) discloses a multi-layer 
Wown plastic container including a gas barrier layer and a layer of metallocene-catalyzed polyolefin resin havina a 
molecular weight distribution factor of below 2.5. ' 

As described above, a metallocene-catalyzed polyolefin has advantageous properties including excellent sealabil- 
ity, hot tack and transparency but is also accompanied with a difficulty of poor f ilm formaWlity. A major characteristic of 
a metallocene-catalyzed polyolefin is that it has low melt tension. Further, because of a nanow molecular weight distri- 
bution, a sufficient degree of molecular entanglement does not occur in a melting state, so that the metallocene-cata- 
lyzed polyolefin is HaWe to cause melt fracture during film forming or film processing to result in poor film surface 
properties and cause difficulties, such as unstaWe bubWe formation in the inflation process and low draw resonance 
whereby stable film forming or film processing becomes difficulL Regarding the sealability. a metallocene-catalyzed 
polyolefin can provide a large seal strength when formed in an ideal seal shape but generally shows a narrow seal con- 
dition or range, so that it is liaWe to cause a flow at a seal line and result in a tower strength because of a smaller thick- 
ness. The above difficulties may be alleviated to some extent, eg., by introducing long-chain branches onto a main 
chain of the metallocene-catalyzed polyolefin. but it is not sufficient in some cases. 

As described above, it is difficult to obtain a flexiWe multilayer film excellent in film formability and sealaWlity only 
by disposing a seal layer of a metallocene-catalyzed polyolefin. and further improvement is desired. 

SUMMARY OF THE INVENTION 



Acc ^ <Sin S ] y- a P^cipal object of the present invention is to provide a f lexiWe multilayer (ilm excellent in film forma- 
bility or fflm processabBity and sealability. 

According to the present invention, there his provided a multilayer film, including: a first seal layer comprising prin- 
cipally a metallocene-catalyzed polyolefin, and a second seal layer comprising a copolymer of at least one oxygen-con- 
taimng monomer and ethylene; said copolymer having a crystal melting point lower than that of the metallocene- 
catalyzed polyolefin. 

His prefened that second seal layer has a thickness larger than that of the first seal layer. In case where any of the 
first seal layer and the second seal layer comprises a mixture of polymers, the above-mentioned crystal melting point 
relationship should be satisfied between the ootvmer soecies occuovino the lamest orooortions in the first seal laver 
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a ^o eCOnd S6al layer res P ective, y- The multilayer f flm may preferably have a secant modulus at 2.5 % strain of 150 
- 450 MPa as a whole. 

These and other objects, features and advantages of the present invention will become more apparent upon a con- 
sideration of the following description of the preferred embodiments of the present invention. 

DETAILED D ESCRIPTION OF THE INVENTION 

A metallocene catalyst used in production of the metallocene-catalyzed polyolefin in the present invention refers to 
a catalyst compnsing a compound having a structure wherein a transition metal is sandwiched with a pair of unsatu- 
rated cycbc compounds, which may have various forms based oh different species of metals and figands and mav be 
used as polymerization catalysts for olefins, such as ethylene and propylene, and other vinyl monomers 'such as tfv- 
rene in combmation with specific promoters as desired. The metallocene catalysts are also called Kamindcy catalvsts 
Kammsky-Sinu catalysts, single-site catalysts, or homogeneous catalysts. catalysts. 

A constrained geometry catalyst is a type of metallocene catalyst developed by Dow Chemical Company The con- 
strained geometry catalyst may provide ethylene-a-olefin copolymers which may be classified as a substantially linear 
polyethylene res.n having ca. 0.01 - ca ^ preferably ca. 0.1 - ca. 1. more preferably ca. 0.05 - ca 1 lono^atn 
branch(es) per 1000 carbon atoms. Because of long-chain branches each having ca. 6 or more carbon atoms sX" 
Wely .n^ped mto rts molecular structure, the ethy.ene-a-o.efin copolymer may boprovided with exceJent^hS 
propert.es and good formab.l.ty or processability. and an example thereof is commercially available from Dow cK 
Company under a trade name of -Affinity" (including 1-octene as a-defin) "°wunemicai 
A characterfetic of the metallocene catalyst is the homogeneity of active sites, thus resulting in a product potymer 
tSn n p !7»ef** <* "**«**« weight, molecular weight distribution, composition and corrpositionaids- 
tributioa For example a larger comonomer content provides a lower density, a lower melting point anc la film havina 
improved strength and transparency but also lower heat-resistance and film processability. T^e metailocene^S 
^ " COmonomer unils '^oduced uniformly into the main chain and is relatively free from a problem 

such as sticky flm formation, thereby providing a bag having.a better film openability. compared with a po^lef in formed 
by us,ng a Ziegler catalyst liable to have a larger comonomer content in a lower molecular weight tecton tt feateo 
SrJS! ^ (li "f ' ,0 *- densft y Polyethylene) prepared through polymerization using a metallocene catalyst (sin- 

h ' °T denSit/ * an LLDPE Prepared ,hr0U9h using a conventional catalyst 

srte catal^t) a.t an identical comonomer content (e.g.. as described in "Plastic" (in Japanese). Vol. 44, No 1 0 page 81 
Figure 17). There ,s also known a metallocene-catalyzed LLDPE showing a remarkably lower melting poS at an 
-ncreased comonomer content and at an identical density compared with a Ziegler-catalyzed LLDPE ("PPS Report" fin 
Japanese . No. 53. October. 1994. page 7. Figure 14). Such metallocene-catalyzed LLDPE is shown to haveTsL e 

mS^nrJfT ra l Ure , Peak a f meaSUred by *• ATREF (Analyfical ^"Perature Rising Elution Fractionation) 
method compared wrth a Ziegler-catalyzed LLDPE showing three polymer elution temperature peaks (ibid., page 2. Rg- 

The present invention provides a flexible multilayer film excellent in formability and scalability based on the charac- 
tenstics of metallocene-catalyzed polyolef in as described above. 

The first seal layer constituting the multilayer film of the present invention can provide the multilayer film with excel- 
lent forrnab. ty and sealability based on the characteristics of metallocene-catalyzed polyolefin as described above 

SM J?.! «L S f yar .^, n f U,in9 the mul,i,ayer ,i,m acCOrdin9 10 * e P fesent invenfion ™Y «™Prise a hermetically 
sealable esm layer suitable for constituting, eg. . an innermost layer of an irrflated multilayer f^ The sec^mJ sea Ser 

me tirst seal layer, mereby takrng advantage 

cany the metallocene-catalyzed polyolefin constituting the first sea. layer exhibits excellent sealabitity hot taS 
SnTS 212^ Ci T and »»*"«^ «* « **» ^er thereof cannot readily exhibTa 

2 adtacem to I^Lm 3 ^ * ^ COnditi0n - ^ » e second sea) shoukJ be 

disposed adjacent to the first sea. layer comprising a metallocene-catalyzed polyolefin alone 

The metallocene-catalyzed polyolefin used in the first seal layer may be an ethylene-based resin a propylene- 
flt reS,n ^ bu l ene * a 1 sed resin - More «he ethylene-based resin may include cx^mS of £l 

udTSo t ° 31 50 %) and 3 min ° r Propor1ion *** at ™* or ,ess tha " 50 °' « clef iSng 
^ a, ^ r s ^ as P^"e. butene-1, peniene-1. 4-methyl-pentene-1. hexane-1 andoctene-1. ir*2 

ttiose generally caWed Rnear low<Jensrty polyethylene (LLDPE). linear medium-density polyethylene (LMDPE) andver? 
^enfaSS 6 " 6 ST^ ^ ™» "* butene-based resin^ay delude homSCe^ of 

yl7Z17? S V 6 ' and c ° po, y mers of these monomers wrth ethylenes and other a-olefins. such aspropylene 
bu ene-1 4-methyNntene-1. hexene-1 and octene-1. A metallocene-catalyzed ethylene-based resin (ethylene S 
polyolef in) ,s particularly preferred because of good sealability. hot tack and transparency. ^ 

ta<* Z?^ P ™ I f ! m having 900d ««nvformabiKty and heat resistance in addition to the sealability. hot 

tack and transparency, rt is preferred to compose the first seal layer of a mixture comprising 90 - O wl %, more pre™ 
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ably90 - 25wt %,of a metallocene^catalyzed polyotefin having a i crystal melting point of 105- 145 °C, further prefer- 
ably 105 - 125 °C. and 10 - 100 wt %, more preferably 10 - 75 wL %, of a metallocene-catalyzed polyolefin having a 
crystal melting point of 70 - below 105 °C, further preferably 86 - below 105 °C. Particularly, the crystal melting point of 
one metallocene-catalyzed polyolefin may preferably be at most 100 °C in the case of a heat-shrinkable film. 

In the case of providing a packaging fflm having good heat-resistance and good bag openability. it is preferred to 
use a metallocene-catalyzed polyolefin having a crystal melting point in the range of from 86 °C to below 105 °C. A met- 
allocene-catalyzed polyolefin having a crystal melting point below 86 °C can be used as a portion of the metallocene- 
catalyzed polyolefin even for such use. but the proportion thereof should preferably be restricted to at most 40wt %. 

In the case of providing a first seal layer of a mixture resin, the species of metallocene-catalyzed polyolefin occu- 
pying the largest proportion should have a crystal melting point higher than that of the (principal) resin (component) 
constituting the second seal layer so as to ensure a good sealability (I.e., bag-making property). 

In the case of heat-shrinkable multilayer film, it is preferred that the first seal layer contains at least 25 wt % of a 
metallocene-catalyzed polyolefin having a crystal melting point of 105 - 145 °C so as to provide further improved resist- 
ances to boiling and cooking. 

The crystal melting point values referred to herein are based on values measured as a heat-absorption peak tem- 
perature by using a DSC (differential scanning calorimeter) (e.g., w DSC-7", available from Perkin-Elmer Corp.). 

The metallocene-catalyzed polyolefin constituting the first seal layer can be modified by selective introduction of 
long-chain branches or can be blended with a polyolefin produced by polymerization using another type of catalyst. 
Such a polyolefin produced by using another type of catalyst should be used only below 50 wt % so as to retain the 
excellent sealability and hot tack of the metallocene-catalyzed polyolefin. The polyolefin prepared by using another type 
of catalyst may for example be polyethylene, propylene, copolymers of propylene with other a-olef ins, LLDPE, VLDPE 
or ethylene-vinyl acetate copolymer. 

The metallocene-catalyzed polyolefin may preferably have a molecular weight dispersion factor defined as a ratio 
(Mw/Mn) between weight-average molecular weight (Mw) to number-average molecular weight (Mn) of below 3.0, fur- 
ther preferably 1 ,5 - 2.8, most preferably 1 .9 - 2.2. The molecular weight dispersion factor may be determined based on 
the universal calibration method based on GPC (gel permeation chromatography) using polystyrene samples having 
known molecular weights as calibration standard materials to measure Mw and Mn of a sample metallocene-catalyzed 
polyolefin from its GPC chromatogram. By using such a metallocene-catalyzed polyolefin containing little oligomer or 
low-molecular weight polymer faction, it is possible to provide a multilayer film with little stickiness. 

The second seal layer according to the present invention may preferably comprise a resin which shows a good 
adhesiveness to the first seal layer and is provided with improved primary processability, secondary processability and 
heat-resistance by irradiation with electron rays to provide a package strength (La, seal strength) which is not lowered 
during hot sterilization or cold transportation. The second seal layer may comprise a copolymer of ethylene with at least 
one oxygen-containing monomer copolymerizable with ethylene having a crystal melting point lower than that of the 
(principal) metallocene-catalyzed polyolefin in the first seal layer, a mixture of such copolymers or a Wend of such a 
copolymer with another polymer. Examples of the copolymer may include copolymers of ethylene with vinyl acetate, 
unsaturated acids, such as acrylic acid and methacrylic acid, or Cj - C 4 alky! esters of such unsaturated acids, and ion- 
omer resins derived from these copolymers. These copolymers or resins may be used singly or in mixture of two or 
more species thereof. In the case of a mixture, the copolymer of the largest amount thereof Should have a crystal melt- 
ing point lower than that of the metallocehe-catalyzed polyolefin (of the largest amount) in the second seal layer. 

The copolymer resin constituting the second seal layer may preferably comprise a copolymer of 80 - 95 wt % of 
ethylene with 20 - 5 wt % of at least one monomer selected from vinyl acetate, acrylic add, methyl acrylate, ethyl acr- 
ylate and butyl acrylate, or a blend of these copolymers, in view of the stretchabiiity, heat-resistance and crossfinkability 
under irradiation with electron rays. The second seal layer can also contain a metallocene-catalyzed polyolefin or 
another ethylene-a-olef in copolymer within an extent of not hindering the transparency of the resultant film. 

The crosslinking by electron ray irradiation of the second seal layer may be performed by inadiating a multilayer f Bm 
including the second seal layer or irradiating directly the second seal layer before lamination of the other layers. The 
irradiation of the multilayer film may generally be performed by irradiation through an outermost layer disposed on the 
side opposite to the first seal layer. In the case of producing the multilayer film by co-extrusion, for example, a molten 
tubular product (parison) having the first seal layer as the innermost layer is formed by co-extrusion and is, after or with- 
out being quenched, flattened to be irradiated with electron rays. The dose may suitably be on the order of 2 - 20 Mrad 
(= 20 - 200 kGY) at an acceleration voltage of 150 - 500 kV. terms of an absorbed dose by the second seat layer. 

It is preferred that at least the second seal layer has been crosslinked by irradiation with electron rays or beam. The 
other layers may be crosslinked or not crosslinked. In case where the multilayer film according to the present invention 
includes a gas barrier layer as will be described hereinafter and the multilayer film including the gas barrier layer is irra- 
diated with electron rays, if the gas barrier layer comprises a vinylidene chloride copolymer, it is liable to result in an 
increased yellowish or brownish tint but the yellowing can be suppressed by adding glycerin aliphatic acid esters, etc. 

The second seal layer may preferably have a thickness larger than, preferably ca. 1 .5 - ca. 2.5 times, that of the first 
seal laver in view of the fact that the metallocene-catalyzed poryolefin principally constituting the first seal layer has a 
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low melt tension and in order to effectively crosslink the second seal layer. On the other hand, the first seal layer can be 
thinned down to a thickness of ca. 3 ^m. This is advantageous for suppressing the cost of the multilayer film while using 
a generally expensive metallocene-catalyzed polyolefin. The thickness of the first seal layer may be suppressed below 
a half of the total multilayer film thickness and preferably at most 20 urn. 

By forming a two-layer seal structure taking advantage of the characteristics of metallocene-catalyzed polyolefin it 
becomes possible to provide a flexible multilayer film with improved film-forming characteristics inclusive of primary 
processabiBties. such as extrusion processability, stretch-formability. high-speed bag-making property (sealability) and 
seating strength; secondary processabilities, such as deep drawability and sWri-packaging characteristic- and other 
improved packaging film performances, such as heat-shrinkabitity for preventing the occurence of meat-juice within or 
out of food package products, boiling resistance for thermal sterilization and cooking resistance for cooking 

The outermost layer may be disposed on an opposite side of the first seal layer with respect to the second seal 
layer. It is important for the outermost layer to exhibit an anti-sticWng property to a sealing bar used for the seaiinq so 
as to be suitably used in an automatic packaging machine or a high-speed bag-making machine including a continuous 
sealing operation. In the multilayer film according to the present invention, it is preferred that the outermost layer does 
not contain an ionomer resin,a metallocene-catalyzed polyolefin. or a propylene-ethylene random copolymer of little 
crystal orientation characteristic in stretching. A flexible multilayer film excellent in continuous sealability may be 
obtained by using the outermost layer comprising a thermoplastic resin, inclusive of polyester resins, polyamide resins 
or ettiytene-based resins, such as a-olefin resins obtained by using a Ziegler catalyst, linear low-density polyethylene 
( ^ PE) ' '!" ear rned.um-dens.ty polyethylene (LMDPE).. very low-density polyethylene (VLDPE). and copolymers of 
ethylene with vinyl acetate, unsaturated acids,such as acrylic acid and methacrylic add. or alkyl esters of such unsatu- 
rated acids. 

The multilayer film according to the present invention can include at least one intermediate layer functionino as a 
gas barrier layer in addition to the first seal layer and the second seal layer. The gas barrier resin may comprise a resin 
se ected from, e g vinylidene chloride copolymers, ethylene-vinyl alcohol copolymer, aromatic nylons inclusive of 
polyamide formed by r^tycondensation between methaxylyenediamine and adipic acid, and polyamide formed from 
terephthalic acid and/or isophthalic acid and hexamethylenediamine. amorphous nylon, semi-crystalline nylon and 
acrylonitnle-based Copolymers. It is also possible to use a polymer blend, inclusive of: a mixture resin composition 'com- 
prising principally a vinylidene chloride copolymer, and a copolymer of ethylene with vinyl acetate, an unsaturated acid 
such as acrylic acid or methacrylic acid, or an alkyl ester thereof, or an MBS (methyl methaCTylate-butadiene-styrene 
copolymer) resin; a mixture resin composition comprising principally ethylene-vinyl alcohol copolymer having a sapon- 
.f icatoon degree of at least 95 mol. %. and polyester elastomer, polyamide elastomer, ethylene-vinyl acetate copolymer 
ethylene-acrylate ester copolymer, or ethylene-vinyl alcohol copolymer having a saponification degree of below 95 mol* 
%; and a mixture resin composition comprising the above-mentioned aromatic nylon and an aliphatic nylon. It is gener- 
ally most prefened to use a vinylidene chloride-based copolymer, while ethylene-vinyl alcohol copolymer may be pre- 
ferred in the case requiring a particularly good flexibility. 

Herein the vinylidene chloride copolymers may include copolymers of vinylidene chloride and at least one mono- 
ethylenically unsaturated monomer copolymerizable with vinylidene chloride. The monoethylenically unsaturated mon- 
omer may be used in a proportion of 2 - 40 wt. %. preferably 4 - 35 wt %. of the resultant vinylidene fluoride copolymer 
Examples of the mono-ethylenically unsaturated monomer may include vinyl chloride, vinyl acetate, vinyl propionate.' 
a kyl aayla es alkyl methacrylates, acrylic acid, methacrylic acid, itaconic acid, acrylonitrile. acrylamide. vinyl alkyl 
ethers, vinyl alkyl ketones, acrolein, ally! esters and ethers, butadiene, and chloroprene. The vinylidene chloride copol- 
ymer can also be a ternary or quaternary copolymer. It is particularly prefened to use a copolymer with vinyl chloride 
or a c, - C8 alkyl (meth)acrylate. such as methyl acrylate, ethyl acrylate or methyl methacrylate 
„ J*J! 9 f.l barrie '! ' ayer "* y have a ,nlckness appropriately selected depending on the desired level of gas banier 
property of the resultant packaging material. In the case of forming a gas banier layer comprising a vinylidene chloride 

SEJT* y ,°?*S[ US,W l'. the thickn6SS * lhe ,ayer may pre,erab, y be at mosl 30 % of the total fflm thickness in view 
of the thermal stability and low-temperature resistance of the multilayer film. 

onci ^ a K dt * !Sive ,a y. er be tfsP 08 * 1 between the respective layers in case where a sufficient adhesion is not 
ensu ed between adjacent layers. The adhesive resin may preferably comprise a thermoplastic polymer, copolymer or 
terpolymer. a nxxirf.cat.on product of such a thermoplastic resin with an unsaturated carboxylic acid, a modification 
product of such an acid-modified product further with a meial. or a blend of the above. Specific examples thereof may 
include: ethylene-vinyl acetate copolymer, ethylene-ethyl acrylate copolymer, olefin copolymers modified with maleic 
acid, rtaconic acid, or an anhydride thereof, a thermoplastic polyurethane elastomer, and a Wend of these resins The 

f^I! ^ T 3 thiCkneSS °' * 5 ^ more 1 - 3 ^ » is Particularly preferred to 

suppress the thickness of an adhesive of. e.g.. an anhydride-modified resin, such as one modified with maleic anhy- 
dride, in view of a weak cohesion and expensiveness of to ^ 

The multilayer film can further include an additional resin layer comprising. e.g.. a polyamide resin or a thermoplas- 
T; ^ ylnc,udin9 «** an additiona ' resin layer, the multilayer film according to the present invention may 
be prcmded w.th further improved bag-making characteristic and heat resistance in combination with the above-men- 
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tfoned two-layer structure. In order to obtain a flexible multilayer film, it is appropriate to dispose such a layer of polya- 
mide resin or thermoplastic polyester resin as an intermediate layer. On the other hand, if the resin layer is disposed as 
the outermost layer, the thickness thereof may preferably be suppressed to 0.5 • 3 um. If the outermost layer has too 
large a thickness, the layer is liable to be pealed at a boundary with an inner layer, such as a gas barrier layer In order 
to provide a satisfactory film-formabflity in combination, the multilayer film as a whole may preferably have a secant 
modulus at 2.5 % strain in the range of 150 - 450 MPa even in case where the total film thickness is 30 um or larger. 

Th e polyamide resin used for the above purpose may be at least one species of alphatic nylon selected from e g 
nylon 6. nylon 1 1. nylon 12, nylon 66. nylon 69. nylon 610. nylon 612. and copolymer nylons including nylon 6-9 nylon 
6-10. nylon 6,12. nylon 6-66. nylon 6-69. and nylon 6^66-610; an aromatic nylon, such as one formed from hexameth- 
ylenediamine and an aromatic dibasic acid; or a semi-crystainne or amorphous nylon. 

Preferred examples of the thermoplastic polyester resin may include those obtaned from an acid component com- 
prising an aromatic dibasic acid, such as terephthalic acid or isbphthaGc acid, and a glycol component comprising an 
aliphatic glycol, an alicycfic glycol or an aromatic glycol, such as ethylene glycol. Methylene glycol or cyclohexane 
dimethanol. For the multilayer fBm according to the present invention, H is preferred to use a co-polyester formed by 
using two or three species of acid component or/and glycol component 

The polyamide resin or thermoplastic polyester resin can be blended with another resin, such as thermoplastic 
polyurethane resm. as desired. In the case of co-extrusion with a vinylidene chloride copolymer for a gas barrier layer 
the polyam.de resin or thermoplastic polyester resin may preferably have a crystal melting^oint. if any. of at most 200 

The respective resin layers of the multilayer film according to the present invention can contain an optional additive 
such as a processing aid. a surfactant (for preventing for. for imparting anti-clouding property, slippability. etc ) or an 
antistatic agent, within an extent of not adversely affecting the purpose of the present invention. Further, for'the purpose 
of providing an improved metadhesion with food product, such as processed meat, it is possible to apply a cororradis- 
charge treatment to the first seal layer side or the opposite side of the multilayer f ilm. 

, !? a . re ^' e . purpose * A ls Xo incorporate a pulverizate of the multilayer film containing a metaliocene-cat- 

alyzed potyoleftn into the respective component layers of the multilayer film or include an additional layer of the pulver- 
izate in the multilayer film according to the present invention within an extent of not adversely affecting the 
performances of the multilayer film. The pulverizate may be ordinarily incorporated into an intermediate layer other than 
the first seal layer and the outermost layer. As the metallocene-catatyzed polyolefin has a low melt tension, the Wend 
thereof with a gas barner layer resin, such as vinylidene chloride copolymer or ethytene-vinyl alcohol copolymer may 
provide, an improved fluidity in an extruder or a die mold to facilitate the provision of a uniform film thickness. Inthecase 
of blending he pulverizate with the gas barrier layer resin, the blending ratio may be suppressed to at most ca 10 wt 
%. preferably at most ca. 10 wt %, while depending on the required level of gas barrier property and transparency of 
the resultarrt film. Further, the gas barrier layer of. e.g., a vinylidene chloride copolymer can contain a pulverizate of 
another vinylidene chloride copolymer film or in lamination with another layer of such a pulverizate 
, J 716 ™" ilaye ' ,ilm accordin 9 to the present invention may generally be formed through co-extrusion but can also 
be formed through extrusion coating or lamination, or a combination of these. The multilayer film according to the 
present invention can be coated with a vapor-deposited layer of aluminum, silica, etc.. or laminated with another film 
including such a vapor-deposition layer, to form a new type of packaging material. 

The multilayer fflm according to the present invention having a lieat-shrinkability through stretch-orientation may for 
example be prepared by the coextrusion-inflation method or the T-oTe stretching method to provide a suitable food-pack- 
aging material. The shrinkability can vary depending on the usage, but may for example be at least ca. 30 % in both 
k^grtudinal ^J™*™? difeClfonS at a °" 70 ° C ** '^temperature shrinkage for fresh meat packaging; ca. 25 - 
ca. so %. e.g.. at90 - 95 C for hot sterilization for processed meat packaging; or ca. 35 - ca. 50 %. e.g., at 100 °C for 
tray packaging. The multilayer film for such usages may preferably have a total thickness of 1 0 - 1 20 um 

Some typical laminar structures from the first seal layer side to the outermost layer of the multilayer fflm according 
to the present invention are as follows. ^ 

(1) Surface layer (first seal layer)/second seal layer/gas barrier layer/surface layer 

(2) Surface layer (first seal layerysecond seal layer/gas barrier layer/intermediate layer/surface layer 

(3) Surface layer (first seal layer)/second seal layer/intermediate layer/surface layer, 

An adhesive layer may be disposed between any pair of adjacent layers described above 

As described above, in order to have a satisfactory film-formabflity. the multilayer film according to the present 

'n??7io^ ay r y ^ 8 SeCant m0dU,US 31 2 5 % * ah (a ,ensi,e secant modulus as measured accoreJing to 
K7127 > ,n * e ranae of 150 - 450 MPa. In the case of a fflm having a thickness of 30 pm or larger the secant mod- 

tL^ 6 '. 6 ?* 56 150 ' 400 MPa - 71,6 900d ^"^ility ^rein refers to properties* allowing a stable e*n2- 
ab£ arc. a stabte stietchabflrty without trouble, thereby providing a fflm of a uniform thickness. A uniform Z«£n«s 
leads to a hioh-soeed bao-makina oerformance. Th« 2 S Strain sacant mnrt.d.K in ttm rann* of 1 W . 4W) MPa maw 
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readily provide these performances and also mean that the film is not too flexible or too rigid, exhibit good oackaoina 
performance on the material to be packed and shows good adaptability to an automatic packaging macWa 

Wow™ 6 PreSert inVenti ° n Wi " ^ d6SCribed SP6Cif iCa,ly baS6d 00 ^P' 65 and Comparative Examples hereine- 

(m * e un " 01 " 9 " 0 ^ were - S^" 35 

ro (1) MePE-1 : metallocene-catalyzed ethylene-hexene-1 copolymer ("Exact 901 7" mfd bv Exxon Co • rr^i mC M 
ingpoirt(MP) = 112<>C,MI = 3Adensity(d) = 0.920(S). ^ mtd. by Exxon Co.. crystal meR- 

( 2, M !T E * 2: metall0Cene " cata,yzed ethylene-octene-1 copolymer fAffinity FM1570" (formed by usinq a con- 
sumed geometry catalyst), mfd. by Dow Chemical Co.; MP = 108 °C. Ml = 1.0. d = 0.915' Mw/Mn -T^2 2^ 
SL- !T m t e,a,,0C « 1e * ca * a, y 2 « , ethylene-octene-1 copolymer ("Affinity PL1880" (formed by using a con- 
is strained geometry catalyst), MP = 100 °C, Ml = 1.0, d = 0.902, Mw/Mn = 19-22) 

MU 3.5^= 0 e 9? 0 r ene ' CatalyZed ethy ' ene * U,ene " 1 "V 0 **"" rExact 3010C "- ^ Exxon Co.; MP = 87 °C. 
Mi = 2 2^= 0 ^ >Cene " Catalyzed ethylene-butene-1 copolymer ('Exact 4011^(1. by Exxon Co.; MP = 78 <>C. 

20 S2 f!?' 1 : ^ene-vinyl acetate copolymer (vinyl acetate (VA) content = 6 wl %, MP = 96 °C Ml - 3 3) 

(7) EVA-2: ethylene-vinyl acetate copolymer (VA content = 10 wt. %, MP = 91 °C, Ml = 1 5) ' ~ 

(8) EVA-3: ethylene-vinyl acetate copolymer (VA content = 15 wL %, MP = 84 °C Ml = 1 5) 

(9) EVA-4: ethylene-vinyl acetate copolymer (VA content = 1 5 wt. %. MP = 82 °C M I = 4 2) 

(10) EVA-5: ethylene-vinyl acetate copolymer (VA content = 25 wt. %. MP = 70 °C Ml - 2) 
25 (11) M-EVA: carboxylic acid-modified ethylene-vinyl acetate-acrylic acid copolymer 

!!2 f 1 : ethy,ene - elh y | acrylate copolymer (ethyl acrylate (EA) content = 7 wL %, MP = 97 °C Ml = 1 S) 

(13) EEA-2: ethylene-ethyl acrylate copolymer (EA content = 15 wt. %, MP = 85 °C Ml = 1 5) ' 

(14) VLDPE: ethylene-butene-1 copolymer (d = 0.902. MP = 115 "C, Ml = 2.0). 

(15) VLDPE: ethylene-4-methylpentene-1 copolymer (d = 0.922. MP = 120 °C. Ml = 2 1) 
30 (16) PP: propylene-ethylene random copolymer (ethylene content = 7 wt. % MP = 137 °C1 

(17) IO:ionomer(Na-type;MP = 87°C). 

(18) PVDC-1 : vinyKdene chloride (VDC) copolymer (VDC/vinyl chloride (VC) = 82/18 (by weight)) containina 5 wt 
parts each of a stabilizer and a plasticizer per 100 wt. parts of the VDC copolymer- containing 5 wt. 

(19) PVDC-2: vinylidene chloride (VDC) copolymer (VDC/VC = 88/12 (by weight)) containing 3 wt parts of ethvl- 
w?7ad^ 

!p?J tlnut et S' ene ^ a ' COh01 C0P ° ,ymer (e,hylene con,ent " 44 ™'- %• saponification degree = 99 %) 

S S S - 1 ? *■ part8 0< EV0H " 1 and 3 **■ ^ of ethylene-vinyl acetate copolymer. 
(22) NY-1: nylon 6-66 copolymer (MP = 195 °C). ^ 
40 (23) NY-2: nylon 6-12 copolymer (MP = 120 °C). 

(22) PET-1 : polyethylene terephthalate (95 mol. % of terephthalic acid and 5 mol. % of isophthalic acid: MP = 237 

(23) PET-2: polyethylene terephthalate (90 mol. % of terephthalic acid and 10 mol. % of isophthalic acid: MP = 225 
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S h^^^ 6 "! 3 ^ ° f nexameth y'enediamine with terephthalic acid and isophthalic acid ("Sealer PA 3426" 
mfd. by MrtsuiDupontK.K.;d= 1.18. no crystal melting point). ' 

Examples 1 - 2. Comparati ve Example 1 

h.„S x K ,ayere ^ ,amina,e P roducte each having a layer structure as shown in Table 1-1 appearing hereinafter were oro- 
£ %Z«t T S ° ,irSt S6a ' ' ayer {1St teyer > ansfc,rt ^rmos. lay* Eac^Si Sr mot 
£22? °T° n) ' rradiated ,f0m •* outermost teyer thereof with el «*on rays at a dose of 1 
naTSon JES* ^ nh "*» SUbieCted t0 in " afon a! - 3?^ fcTE££ 

ti 522 f ?n Im "." 3 tranSVerSe direclion to ,orm a muHila y er f ilm havi »9 layer thicknessesTeSen- 

2 5^ ^ (,m) and a lay flat width of ca. 400 mm The films of Exarnptes 1 2 sZ^f 

^^TS^SSf *h- 18{ ! ^ ,0n9i,Udina ' a ^ ^—directions a^heat-shrS 
nHn lnf J £} « V ,on 9 ,ludin a | and transverse directions as measured with respect to a square sample 

nSl * I" Cm (Width) after dippin9 tor 5 sec in a ^ 01 wa,er al *• indica 'ed temperature. ^ 
Dunng the above-ment.oned film formation, each film composition was evaluated with respect to the film-formabB- 
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ifies. 

Each type of the resultant multilayer films was then supplied to a bag-making machine (Model HBM" mfd bv 
TTJS! } 10 SWefal drcular, y botonvsealed bags. The bags were then packed with fresh meat and 
^ "2! fBSP ^ 10 thS 639 °P enabiB, y for ^^'"9- ^ adhesion between the meat and the film after heat-shrink- 
age. Ihe leakage at the seal lines, the occurrence of meat-juice, and the rupture of the bag after dropping 

The results of the evaluation are summarized in Table 1-2 according to the evaluation standards shown below the 
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Table 1-1 







Layer structure a1 






1st 


2nd 


3rd 


4th 


5th 


6th 


15 


Ex.1 


MePE-4 


EVA-3 


EVA-4 


PVDC-1 


EVA-4 


EVA-3 
















95% 
















EVA-2 
















5% 


20 


Ex.2 


MePE-4 


EVA-3 


EVA-4 


PVDC-1 


EVA-4 


EVA-3 






60% 










95% 






MePE-5 










EVA-2 


25 




40% 










5% 




Comp. Ex. 1 


MePE-4 


EVA-2 


EVA-4 


PVDC-1 


EVA-4 


MePE-4 



♦1 : *%" in the table represents wt. % of the component in each layer. 
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Table 1-2 



Film properties j 




Ex.1 


Ex.2 


Comp. Ex 1 


Extrudability 


A 


A 


B 


Stretchability 


A 


A 


B' 


Bag forrnability (1) 


A 


A 


B 


Fresh meat packageability 


A 


A" 


B- 
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(Extrudability) 

A: Easily formed into a parison without entanglement of resin below the extrusion die. 
Ljable to cause entanglement so that the parison formation was somewhat difficult. 

(Stretchabifity (inflation stability)) 

A: Stable inflation was possible without substantial vibration of the shoulder 



in a 



1/ 
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(Bag-formabi!ity(1)) 

5 

A: A good bag-making rate of 70 bags/min 
to (Fresh meat packaging performance) 

Br : The bags were ruptured at a rate of one from three at the 1 m-dropping test. 
Examples 3 - 5. Comparat ive Examp les p - a 

Six-layered laminate products each having a layer structure as shown in TaNa o 1 

The muKHayer ,0m o, Comparat^ ^e^wli ^ in^ ' 50 % " ,0n ^na. and * *«*». 
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Table 2-1 



5 




1st 


2nd 


3rd 


4th 


5th 


6th 




Ex 3 


MePE-2 
99% 
MePE-3 


EVA-2 
80% 
EVA-3 


EEA-2 


PVDC-1 


EEA-2 


VLDPE 


10* 




10% 


20% 












Ex4 


MePE-1 
25% 


EVA-2 


EVA-4 


PVDC-1 


EVA-4 


EVA-1 
80% 


15 




MePE-3 
75% 










LLDPE 
20% 




Ex5 


MePE-2 
50% 


EEA-1 


EEA-2 


PVDC-1 




VLUrb 


20 




MePE-4 
10% 
VLDPE 












25 




40% 














Comp. Ex.2 


MePE-1 
30% 
MePE-4 


MePE-4 


EVA-4 


PVDC-2 


EVA-4 


MePE-4 


30 




70% 














Comp. Ex.3 


EVA-1 


MePE-3 


EVA-4 


PVDC-1 


EVA-4 


VLDPE 
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Table 2-2 







Ex.3 


Ex.4 


Ex.5 


Comp. 


Comp. 


40 










Ex.2 


Ex3 




ExtrudabiJity 


A 


A 


A 


B- 


A 




Stretchability 


A 


A 


A 


B* 


B" 




Bag fbrmabflrty (2) 


A 


A 


A 


C 


B* 


45 


Processed meat packageability 


A 


A 


A 




C 



so (ExtrudabHrty) 

Same as in Table 1-1 



B: Liable to cause entanglement of the resin belcnv the extrusion die so that the pa^ 
Jtchability) 

Same as in Table 1-1. 



55 

(Stretchability) 



(Bag-fqrmability(2)) 
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Evaluated by using a bag-manufacturing machine for providing side-sealed bags ("Model DSWH" mid bv Taivo 
Shokai K.K.). .»•//*» 

A: A good bag^matong rate of 80 bags/min. 

B-: Some bags caused a melt-cutting at the seal line because of film thickness irregularity (caused by instability of 
inflation bubble shoulder). The bag-making rate was 30 bags/min. 

C: Generally caused a melt-sticking at the seal line because of the film thickness irregularity (caused bv instability 
of inflation bubble shoulder) and the sticking onto the seal bar. 

(Processed meat packageability) 

A: Good ding at a hot-sterilization temperature of 95 °C. No dripping (meat-juice) was noticed. Exhibited qood boil- 
ing resistance causing no breakage at the seal line. 

C: Caused a breakage of bag from the seal line at a hot sterilization temperature of 95 °C 
-: Not measured. " 

Examples 6 - 7. Comparative Examples 4 - s 

EighMayered laminate products each having a layer structure as shown in Table 3-1 were produced by co-extrusion 
so that the first seal layer (1st layer) constituted the innermost layer. Each extruded parison was irradiated from the out- 
Z™?!*??!, Sde e,ectron rays at a dose of 8 Mrad and an acceleration voltage of 350 kV and. after reheating sub- 
jected to inflation at stretching ratios of 3.2 times in a longitudinal direction and 3.0 times in a transverse direction to 
form a muttilayer film having a lay flat width of ca. 350 mm and having individual layer thicknesses sequentially from the 
1st layer of 8/20/2/1072/10/2/4 (pm) (Examples 6. 7 and Comparative Example 4) and 18/10/2/10/2/10/2/4 ( u m) (Com- 
parative Example 5). The films of Examples 6 - 7 showed 2.5 %-secant moduli of 220 - 240 MPa in both longitudinal 
and tiansverse directions and heat-shrinkabilities (at 85 °C) of 40 - 45 % in both longitudinal and transverse directions. 
The multilayer film of Example 7 showed a slightly pearl-like appearance. 

o ^t^? *™ mufti,a y er ,ilrns was suPP'ied to a bag-making machine ("Model HBM\ available from Toyama 
Sanki K.K.) to form several circular bottom-sealed bags similarly as in Example 1 . The bags were then packed with pork 
meat, and evaluated with respect to the bag openability for packing, the adhesion between the meat and the film after 
heat-shrinkage, the leakage from the seal lines, the occurrence of dripping, and the rupture of the bag after dropping 
The results are summarized in Table 3-2. - 



Table 3-1*1 





1st 


3rd 


4th 


5th 


6th 


7th 


8th 


Ex.6 


MePE-3 


M-EVA 


PVDC-2* 2 


M-EVA 


NY-2 


M-EVA 


EVA-1 


Ex.7 


MePE-3 


EVA-4 


PVDC-2* 3 


EVA-4 


IO 


EVA-4 


VLDPE 


Comp. Ex.4 


VLDPE 


M-EVA 


PVDC-2 


M-EVA 


NY-2 


M-EVA 


VLDPE 


Comp. Ex.5* 4 


MePE-3 


M-EVA 


PVDC-2 


M-EVA 


NY-2 


M-EVA 


VLDPE 



♦2: PVDC-2 (for Ex. 6) contained 30 wt. % of pufverizale ol a single layer film of PVDC-2. 
♦3: PVDC-3 (for Ex. 7) contained 5 wt. % of pulverizate of the parison of Example 7. 
♦4: The multilayer film of Comparative Example 5 had successive layer thicknesses of 
18/10/2/10/2/10/2/4 (um). 
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Table 3-2 





Ex.6 


Ex7 


Comp.Ex.2 


Comp.Ex.3 


Extrudabifity 


A 


A 


A 


B' 


Stretchability 


A 


A 


A 


B" 


Bag formability (1) 


A 


A 


B 


B- 


Pork meat packageabilrty 


A 


A 


C 





is (Extrudabifity) 

Same as in Table 1-1 
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25 



30 



B": Liable to cause entanglement of the resin below the extrusion die so that the parison formation was very diff icult. 
(Stretchability) 

Same as in Table 1-1. 

B": Inflation was unstable because of remarkable vertical vibration of the shoulder, so that the sample could be 
toTfor stretching °" ** N ° improvement was b * increasing the heating tempera- 

(Bag-formabifity (1)) 

Similarly as in Table 1-2. 
A: A good bag-making rate of 80 bags/min. 
35 r^waTautagsAn^ 9 OPenl " 9 ' ^ *" ***** ** the seal line « liab,e to b< * winkled. The bag-making 

(Pork meat packageability) 

A: The «lm closely fitted to the pork meat (ca. 6 kg) at a heat shrinkage temperature of 90 °C, and the resultant 
40 packaged bag did not cause a rupture by dropping from a height of 1 m. 

StT^ ?Tf l ^J?. P * Ctt * WaS 001 900d - Some ,eaka 9 e was observed at the wrinkled seal line by checking 
with a red alcohol-containing penetrating liquid. 

Example 8. Comparative Example 6 

.iontn^; , ?h er , ed . lami If 16 P !° dl f S 6aCh h3ving a structure as s* 0 ™ ^ Table 4-1 were produced by co-extru- 

Jf y f ) e,eCtr ° n rayS at a dose 01 4 Mrad and 30 accelerafing voltage of 200 kV and. after 
££1 9 '^ to ,rt ^° n al StretChin9 rafi ° 01 2 6 times in a lon 9 itudina ' directi0 " «* 2.5 times in a transvenJ 
Zmns£uTs,* a < TT^**™ 9 indiVidual ^ tWcknesses *«" the 1st layer of 

k! ^.f^l (Mm) and a la * ,bt width of ca. 450 mm. The films of Example 8 and Comparative Example 6 

l^n^" '^■"^ ^ t-^dTections and h^nkSes (a^ 

yu -uj ot 40 - 45 % in both longitudinal and transverse directions. 

mfrt ^n!^ ^ fiIm ! was to a P^ow-packaging machine ("NW Pillow-Packaging Machine', 

mfd. by OhmonJ^ka, K.K.) to form three-side-sealed processed meat packages. The resultant processed meat pack 
ages were subjected to 10 min. of hot sterilization at 95 °C and evaluated with respect to the adhesion betweeXe 
meat and film, the rupture at the sea. Hne and the occurrence of meat-juice. The reSts are summed in tble 4-2 
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Table 4-1 



10 



15 





1st 


2nd 


3rd 


4th 


5th 


6th 


7th 


Ex.8 


MePE-2 


EVA-2 


M-EVA 


EVOH-1 


NY-1 


M-EVA 


EVA-1 




90% 








70% 








MePE-3 








NY-2 








10% 








30% 






Ex 9 


VLDPE 


EVAS 


M-EVA 


EVOH-2 


NY-1 
70% 
NY-2 
30% 


M-EVA 


PP 



20 



25 



30 



Table 4-2 





Ex.8 


Comp.Ex.6 


Extrudability 


A 


A 


Stretchability 


A 


A 


Packageability 


A 


C 


Processed meat 


A 


C 


packageability 







35 (Extrudability), (Stretchability) 
Same as in Table 1-2. 
(Packageability (or sealability)) 
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A: A good packaging rate of 1 8 m/mia 

C: The multilayer film stuck to a rotating rear seal bar so that the packaging was interrupted several times. The seal 
part thickness was also reduced. An increased amount of starch powder was applied in order to prevent film block- 
ing, so that the refuse thereof attached to the seal line, thus failing to provide a fine seal line. 

(Processed meat packageability) 

A: Exhibit a good boiling resistance such that the packaged processed meat (of ca. 200 g) did not cause a rupture 
at the seal line even after hot sterilization at 95 °C. The film showed a good adhesion, and no meat-juice was 
noticed. 

C: Leakage was observed at the three-side seal line after hot sterilization at 95 °C as a result of checking with a 
red alcohol-containing penetrating liquid. ^ 

Examples 9-10 

Seven- or six-layered laminate products each having a layer structure as shown in Table 5-1 were produced by co- 
extrusion so that the f irst seal layer (1st layer) constituted the innermost layer. Each extruded parison was. after reheat- 
ing, subjected to inflation at stretching ratio of 3 times in a longitudinal direction and 3 times in a transverse direction 
and then longitudinally sift into two sheets of multilayer f ilm each having a width of ca. 390 mm and individual layer thick- 
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25 



30 



35 



nesses sequentially from the first layer of #7/1/2.5/4.5/1/1 (pm) (Example 9) and 4/9/1/4/1/1 (pm) (Example 10). The 
films of Examples 9-10 showed 2.5 %-secant moduli of 40 - 45 MPs* in both longitudinal and transverse directions and 
heat-shrinkabilities (at 100 °C) of 43 - 47 % in both longitudinal and transverse directions. 

Each multilayer f ilm was supplied to a packaging machine f Model FW, mfd by Fuji Kikai KLIC) to form three side- 
sealed packages each containing a sliced ham-loaded tray The packages were then passed through an oven at a tem- 
perature of 1 1 0 °C and thereafter observed with respect to the f flm adhesion state and the occurrence of leakage at the 
seal line. The results are shown in Table 5-2. 

Table 5-1 



w 



15 



20 





1st 


2nd 


3rd 


4th 


5th 


6th 


7th 


Ex.9 


MePE-2 


EVA-2 


M-EVA 


EVOH-1 


NY-1 


M-EVA 


PET-2 




90% 








80% 








MePE-3 








A-NY 








10% 








20% 






Ex.10 


MePE-2 


EVA-2 


M-EVA 


NY-1 


M-EVA 


PET-2- 






90% 






60% 










MePE-3 






NY-2 










10% 






40% 












Table 5-2 










Ex.9 


Ex. 10 






Extrudability 


A 


A 






Stretchability 


A 


A 






Packageability 


A 


A 






Traypackageability 


A 


A 





45 



(Extrudability) (Stretchability) 
40 Same as in Table 1-2. 
(Packageability - Sealability) 

A: A good packaging rate of 80 packages/tain. 
(Tray packageability) 

A: The packaging film tightly fitted onto the sliced ham on the tray after passing through the oven at 1 10 °C. No 
leakage was observed as a result of checking with a red alcohol-containing penetrating liquid. 

Examples 11-12. Comparative Examnte 7 

Four- or six-layered laminate products each having a layer structure as shown in Table 6-1 were produced by co- 
extrusion so that the first seal layer (1st layer) constituted the innermost layer. Each parison "immediately after passing 
through the extrusion die was subjected to inflation and then slit into two sheets of multilayer fflm each having a width 
of ca. 405 mm and individual layer thicknesses sequentially from the 1st layer of 15/30/2/2 (pm) (Example 11) 
12/30/1/5/1/1 (urn) (Example 12) and 15/30/2/2 (>im) (Comparative Example 7). The films of Examples 11-12 showed 
2.5 %-secant moduli of 300 - 350 MPa in both longitudinal and transverse directions and no heat-shrinkability in any of 
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Each multilayer film was supplied to a pillow-packaging machine f NW Pillow-Packaging Machine",, mfd. by.Ohmori 
Kikai K.K.) to form three-side-sealed processed meat packages. The resultant processed meat packages were sub- 
jected to 10 min. of hot sterilization at 95 °C and evaluated with respect to the cling between the meat and film, the rup- 
ture at the seal fine and the occurrence of meat-juice. The results are summarized in Table 6-2. 

5 

Table 6-1 







1st 


2nd 


3rd 


4th 


5th 


6th 




Ex.11 


MePE-1 


EVA-2 


M-EVA 


PET-1 






10 




90% 
MePE-4 
10% 












15 


Ex.12 


MePE-1 
90% 

MePE-4 
10% 


EVA-2 


M-EVA 


EVOH-1 


M-EVA 


PET-2 


20 


Comp. Ex. 7 


MePE-1 


MePE-4 


M-EVA 


PET-1 







Table 6-2 



30 





Ex. 11 


Ex. 12 


Comp.Ex.7 


Extrudability 


A 


A 


C 


Stretchability 


A 


A 


C 


Packageabflrty 


A 


A 




Processed meat packageability 


A 


A 





35 (Extrudability) 

Same as in Table 1-2 

C: The parison formation was impossible because of entanglement below the extrusion die 

40 

(Stretchability) 

A: The inflation was performed with stable shoulder formation by using a cooling mantle. 
C: The shoulder could not be formed. 

45 

(Packageability (or sealabilrty)) 

A: A good packaging rate of 18 m/min. 
so (Processed meat packageability) 
Same as in Table 4-2. 

As is understood from the above-mentioned Examples and Comparative Examples, the multilayer film having the 
two-layer seal structure including the specif ied first seal layer and second seal layer according to the present invention 
55 has provided an improvement to the film formability which has been a weak point of metallocene-catalyzed polyolefin 
and provided improved properties including primary processabilities, such as extrudability stretchability, high-speed 
bag-formability (sealability), and strength; secondary processabilities. such as deep drawing characteristic and skin 
packaging characteristic; and further heat-shrinkability for preventing the occurrence of meat-juice within or out of food 
packages, boiling resistance desirable for hot sterilization and cooking resistance desirable for cooking. 
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Claims 

1 . A multilayer film, including: a first seal layer comprising principally a metallocene-catalyzed polyolef in. and a sec- 
ond seal layer comprising a copolymer of atleast one oxygen-containing monomer and ethylene; said copolymer 
having a crystal melting point lower than that of the metallocene-catalyzed polyolefin. 

2. A multilayer f flm according to Claim 1 , wherein the second seal layer has a thickness larger than that of the first seal 
layer. 

3. A multilayer f flm according to Claim 1 or 2. wherein the first seal layer comprises a mixture of at least 50 wt % of 
the metallocene-catalyzed polyolefin and another metallocene-catalyzed polyoleffri, and the second seal layer 
comprises a mixture of a largest amount of the copolymer and a smaller amount of another resin. 

4. A multilayer film according to any of Claims 1 - 3, having a secant modulus at 2.5 % strain of 150 - 450 MPa. 

5. A multilayer film according to any preceding claim, wherein the second seal layer has been crosslink by irradia- 
tion with electron rays. 

6. A multilayer film according to any preceding claim, wherein said metallocene-catalyzed polyolefin is an ethylene- 
based resin. 

7. A multilayer film according to any preceding claim, wherein said metallocene-catalyzed polyolefin has a weight- 
average molecular weight (Mw)/number-average molecular weight (Mn) ratio below 3. 

8. A multilayer film according to any preceding claim, wherein said metallocene-catalyzed polyolefin is a mixture of a 
metallocene-catalyzed polyolefin having a crystal melting point of 105 - 145 °C and a metallocene-catalyzed poly- 
olefin having a crystal melting point of 70 °C to below 1 05 °C. 

9. A multilayer film according to any preceding claim, wherein said second seal layer comprises a copolymer of 80 - 
95 wt. % of ethylene and up to 20 wt. % of at least one monomer selected from the group consisting of vinyl acetate 
acrylic acid, methyl acrylate. acrylic add, methyl acrylate, ethyl acrylate and butyl acrylate. 

10. A multilayer mm according to any preceding claim, comprising at least three layers further including an outermost 
layer of a thermoplastic resin disposed on an opposite side of the first seal layer with respect to the second seal 
layer. 

1 1 . A multilayer film according to any preceding claim, further including a gas barrier layer. 

12. A multilayer film according to any preceding claim, having a heat-shrinkability. 

13. A blown plastic container comprising a multilayer film according to any one of Claims 1 - 12 so that the first seal 
layer is disposed as an innermost layer. 

14. A container according to Claim 13, wherein the first seal layer has been hermetically-sealed to each other. 

15. A packaged product, comprising a blown plastic container comprising a multilayer fflm according to any one of 
Claims 1 - 12 so that the first seal layer is disposed as an innermost layer, and a content material packed within the 
container by sealing the innermost first seal layer to each other. 

16. A packaged product according to Claim 15, wherein the content material comprises food. 

17. A packaged product according to Claim 16, wherein fhe food comprises meat. 



